Red pepper, Capsicum annuum L., has been attracting geneticists' and breeders' attention as one of the important agronomic crops. This study was to integrate 41 SNP markers newly developed from comparative transcriptomes into a previous linkage map, and map 12 agronomic and morphological traits into the integrated map. A total of 39 markers found precise position and were assigned to 13 linkage groups (LGs) as well as the unassigned LGe, leading to total 458 molecular markers present in this genetic map. Linkage mapping was supported by the physical mapping to tomato and potato genomes using BLAST retrieving, revealing at least two-thirds of the markers mapped to the corresponding LGs. A sum of 23 quantitative trait loci from 11 traits was detected using the composite interval mapping algorithm. A consistent interval between a035_1 and a170_1 on LG5 was detected as a main-effect locus among the resistance QTLs to Phytophthora capsici at high-, intermediate-and low-level tests, and interactions between the QTLs for high-level resistance test were found. Considering the epistatic effect, those QTLs could explain up to 98.25% of the phenotype variations of resistance. Moreover, 17 QTLs for another eight traits were found to locate on LG3, 4, and 12 mostly with varying phenotypic contribution. Furthermore, the locus for corolla color was mapped to LG10 as a marker. The integrated map and the QTLs identified would be helpful for current genetics research and crop breeding, especially in the Solanaceae family.
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INTRODUCTION
As a member of Solanaceae family, a divergent family comprised of around 3,000-4,000 species (Knapp et al., 2004) ranging from trees to annual herbs, red pepper (Capsicum annuum L.) is an important crop with an economic significance. It is one of the worldwide favorite ingredients when cooking food since its domestication in South and Central America about 6,000 years ago (Perry et al., 2007 ). Pepper's consumption is increasing worldwide, and the vegetable is an important source of vitamins and essential nutrients (Lee et al., 2007) . Moreover, medical usage of pepper is also developed to alleviate the pain and long-term inflammation (Ben Chaim et al., 2006) . Therefore, it has been attracting attention of breeders and geneticists (Hwang et al., 2009; Kwon and Kim, 2009; Seo et al., 2012) .
Saturated genetic maps consisting of molecular markers are critical for quantitative trait loci (QTLs) analysis. So far, many markers have been used to develop linkage maps, such as amplified fragment length polymorphism (AFLP), simple sequence repeat (SSR), cleaved amplified polymorphic sequence (CAPS), and single nucleotide polymorphisms (SNP) (Cho et al., 2010; Lee et al., 2009a; 2009b) . Despite the unavailable whole genome sequence information, numerous ESTs have been isolated, and provided valuable information for molecular marker development (Yi et al., 2006) . Especially due to the advanced sequencing technique, much more gene-based molecular markers could be exploited from transcriptome data from massively-parallel next-generation sequencing (NGS) (Lu et al., 2011; 2012; Metzker, 2010) . Researchers have benefited from the availability of techniques for the rapid and costeffective development of molecular marker-based linkage maps (Yang et al., 2011) . Four genetic maps were provided on Solanaceae Genomics Network (http://solgenomics.net/), of which pepper-FAO3 contained the most 720 markers with an averaged 1.89 cM interval (Mueller et al., 2005) . Another integrated genetic linkage map was reported to consisting of 2,262 markers covering 1,832 cM with an average of 0.81 cM (Paran et al., 2004) .
Linkage maps have proved to be powerful for discovering, dissecting and manipulating the genes that determine simple and complex traits in crop plants (Tanksley et al., 1992 Average fresh fruit weight of 10 ripe fruits agronomic and morphological traits. Two loci fs3.1 and fs10.1 were identified to control the fruit shape as major QTLs, interpreting most of the variation in pepper (Ben Chaim et al., 2003a; 2003b; Borovsky and Paran, 2011) . A total of 58 QTLs were detected based on 248 BC 2 plant and 92 restriction fragment length polymorphism (RFLP) markers, most of which distributed in 11 clusters (Rao et al., 2003) . Using a set of 297 recombinant inbred lines (RILs), Barchi et al. (2009) found 76 QTLs grouped into 28 chromosome regions for 13 fruit and plant traits. Comparative QTLs on resistance against Phytophthora capsici, the causal agent of stem, collar and root rot, provided evidence for conservation of resistance loci across in Solanaceae (Thabuis et al., 2003) . In QTL analysis, SNP marker has increasingly become an important tool, as single nucleotide changes are the most abundant and stable small-scale genetic variation in a specific population (Chutimanitsakun et al., 2011) . Previously, we reported two transcriptomes from two red pepper (C. annuum L.) accessions, YCM334 and Taean, using 454 GS-FLX pyrosequencing, and discovered transcriptome-wide sequence variations including SNPs, SSRs and InDels by comparison of both transcriptomes (Lu et al., 2011) . In this study, 41 SNPs newly developed and verified from pepper transcriptomes were used to integrate into a previous linkage map containing 420 markers developed by Truong et al. (2010) using F 8 RILs from a cross of YCM334 and Taean. Besides, 12 plant agronomic and morphological traits, including resistance evaluation against P. capsici at three different infection levels, were used for QTL mapping.
MATERIALS AND METHODS
Plant materials and DNA extraction A C. annuum F 6 line, 'YCM334', resistant to P. capsici, were derived from a cross between CM334 and Yolo Wonder at the World Vegetable Center (AVRDC), while a local variety, 'Taean', that is susceptible to P. capsici was developed in 2000 at National Institute of Horticultural and Herbal Science (NIHHS), Rural Development Administration (RDA), Republic of Korea. A YCM334 × Taean F 8 population of 200 RILs was advanced in 2008, of which a collection of 126 RILs was selected as the mapping population. Young leaves were collected from greenhouse-grown plants and stored at -80°C. Genomic DNA was extracted using RNeasy Plant Mini Kit (Qiagen Korea, Korea) following the manufacturer's instruction, and then diluted into 20 ng/µL using a BioSpec-nano spectrophotometer (Shimadzu, Japan).
Phenotype investigation
The 126-RIL seeds were sown in the 50-cell polystyrene trays with an organic plant substrate on Mar 9 th in 2010. The seedlings were transplanted into the NIHHS experiment field (Korea) with 5 plants for each line on May 17 th until they had two pairs of definitive leaves, and then cultured under field conditions. Spacing was 50 cm between rows and 50 cm between plants. These lines were characterized and evaluated according to the 12 morphological and agronomic descriptors ( , and 10 4 zoospores/ml for high, intermediate, and low-level resistance tests, respectively. Disease severity was recorded based on the scores described by Kim and Hwang (1992) .
SNP verification
A total of 58 contigs from two sets of transcriptome (Appendix A) were chosen for SNP verification using classical PCRcloning-sequencing strategy. From each contig, only one SNP locus was selected for primer design and SNP verification. Forward and reverse primers spanning the putative SNP were designed using Primer3 (Rozen and Skaletsky, 1999) . Primer redesign was necessarily performed with those amplicons proved to contain more than one SNP by sequencing results. All PCR primers were synthesized at Bioneer Corporation (Korea).
